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INTRODUCTION 

The Donald C. Cook Nuclear Plant is located on the southeastern shore of 
Lake Michigan, in Lake Township, Berrien County, Michigan. The plant is 
approximately 1 1 miles south of Benton Harbor and two miles north and west of 
Bridgman , Michigan . 

A 2-unit electric generating station, the plant is rated at 2200 megawatts 
and draws cooling and service water from Lake Michigan through three intake 
pipes from approximately 2250 feet offshore in 24 feet of water. The plant 
employs a once-through cooling system, returning used cooling water to the lake 
through two diffuser discharge structures located approximately 1200 feet 
offshore in 18 feet of water. 

Unit 1 began operating in January 1975 and unit 2 in early 197S. With 

both units at full power the condenser cooling water flow rate is 1,645,000 gpm 

9 
(3650 cfs) and the total heat rejection rate is 15.5 x 10 Btu per hour. Unit 

1 at full power inparts to the condenser cooling water a temperature rise of 

21.8 F ; unit 2 at full power produces a rise of 16.7 F in its cooling water. 

Used cooling water from unit 1 returns to the lake through a 2-slot diffuser 

discharge structure; that from unit 2 through a 3-slot diffuser discharge 

structure. The exit velocities at both diff users are about 13 ft/sec. The 

discharge velocities create an area of high turbulence in front of each 

discharge structure. The regions of high turbulence are short-lived both 

temporally and spatially as ambient water is rapidly entrained into the 

discharged water and the velocity of the discharged water falls quickly to 

ambient current velocity. 

Phytoplankters drawn into the plant with cooling water are subject to 

sudden increase in temperature, mauling by pumps, chlorination of cooling 

water, high velocity discharge, and rapid dilution with cooler water. 



Operation of the plant, then, has at least the potential of affecting the 
structure of the phytoplankton community. 

The strategy for detecting changes in the phytoplankton community near the 
Cook Plant involves comparisons of phytoplankton abundances in three depth 
zones near the plant to abundances in the same three depth zones at distances 
two miles or more away from the plant. In any one survey these comparisons are 
spatial but, repeated over time, they allow temporal comparisons as well. The 
temporal comparisons primarily consist of conditions in preoperational years 
compared against operational years. Conditions in preoperational years provide 
a measure of natural variation against which variations in operational years 
may be compared to detect possible plant-related perturbations. 

This report serves the double purpose of recording the results of seasonal 
surveys carried out in 1977 and of presenting additional preoperational vs 
postoperational analyses according to the strategy outlined above. 

Figure 1 shows the station positions of the present 36-station sampling 
grid centered on the Cook Plant. This grid, used after April 1972, replaced an 
earlier 54-station grid. Table 1 compares the two sampling grids and shows the 
stations dropped and stations retained in changing to the 36-station grid. 

At all complete stations in Figure 1 phytoplankton, zooplankton, benthos, 
and physical measurements are collected during the seasonal surveys. The 
physical measurements consist of surface-water temperature, water depth, bottom 
type, Secchi disc water transparency, and water color as seen above the white 
20-cm Secchi disc, as well as weather conditions and wind and wave 
characteristics. The seasonal physical data are given in Appendix A. 

Occasionally weather or logistical difficulties result in some stations of 
a survey being taken a day ahead of or a day later than the bulk of the 
stations. This results in different dates on the phytoplankton station 
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collection sheets which are reproduced in Appendix B. It has been our custom 
to use the day when the bulk of the stations were taken as the date of the 
survey. 



TABLE 1 . Comparison of the original 54-station seasonal sampling grid to 
the 36-station sampling grid which was instituted in the July 1972 seasonal 
survey at Cook Plant. X denotes a retained station. — denotes an omitted 
station. 
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* Sampled occasionally in the years since 1972. 

Parts of the material presented here have been used by the Indiana & 
Michigan Electric Company in their Cook Plant Annual Environmental Operating 
Report for 1978. Other parts, including the appendices of physical data, 



phytoplankton station collections, and master lists of phytoplankton collected, 
which were not in the company report have been added. 

TECHNIQUES 

Phytoplankton samples are collected by Niskin bottle from a depth of 
1 m, with the exception of the nearshore stations. Nearshore collections 
(serial number zero stations) are made by submerging an open 1 -liter bottle 4 
inches below the water surface. All samples are 1 -liter whole samples. Each 
sample is fixed with Utermohl's iodine fixative immediately after collection 
and stored in an opaque container. 

In the laboratory, each sample is concentrated to 100 ml by settling 
in a 1000-ml graduate cylinder and siphoning off 900 ml of fluid. The 
concentrated sample- is stored in a 100-ml opaque bottle. 

The samples of 1971 and of April 1972 were prepared and counted by the 
Utermohl technique: placing an aliquot of the concentrated sample in a 
tubular combination settling and counting chamber and allowing the aliquot to 
settle overnight. The counting chamber containing the settled cells was then 
separated from the settling chamber, covered, and placed on the microscope. 
The samples were counted on a binocular inverted microscope at 1000X 
magnification. 

Beginning with July 1972, and continuing since, the method of 
concentration for species identification and enumeration has been the 
settle-freeze method as proposed by Sanford et al. (1969). The method 
entails two days' settling of 1000 ml of sample in a graduated cylinder. The 
third day the top 900 ml are siphoned off and discarded. Part of the 
remaining 100 ml is used for preparation for the microscope slide and the 
rest is kept for any possible further references or back checking. 



The once-settled sample is then diluted if need be and settled again, 
this time in l8-ml cylinders. The.se cylinders are attached with a small 
amount of stopcock lubricant (to prevent leakage) to the microscope slides 
which rest on an aluminum plate one quarter inch thick. The whole apparatus 
is then secured together mechanically. The microscope slides, prior to 
having the cylinders placed on them, were treated with Dessicote to provide a 
hydrophobic surface to the slide. After the samples have settled overnight, 
the aluminum plate on which they rest is placed on a block of dry ice for 90 
seconds or less. This freezes the bottom 1-1.5 ml. The unfrozen part is 
then discarded and the cylinders are removed from the slides. The slides are 
then placed in an anhydrous ethanol chamber for 2 days, and then in a toluene 
chamber for 2 days. 

The first chamber removes the excess water and the second prepares the 

® 
samples for their final mounting in toluene based Permount . One drop of 

® 
Permount is put on the slide, a cover slip is then placed over it, and the 

slide is allowed to dry for two days or more. 

The specimens are counted, at 1200X under oil immersion on a Leitz 
Ortholux microscope, to species, variety and form when practical, otherwise 
to genus or group. Only those specimens that appear to have been viable at 
the time of collection are counted. Two sweeps of the slide are made, one 
vertical and one horizontal. This provides an indication of the randomness 
of the species on the slide. 

All species are counted to individual cells, except for filamentous 
blue-green algae with cylindrical trichomes which are counted as individual 
organisms. Prior to 1974 all colonial blue-greens were counted as single 
organisms; the change in counting resulted in an apparent increase of 
blue-greens beginning in 1974. 



Phytoplankton abundances derived from the counts are calculated as cells 
per liter, but are divided by 1000 in the computer print-outs. 

Species and forms are presented in the way in which they are recognized 
and counted. Examples are: Glenodinium . a dinoflagellate, is recognized and 
counted separately from unidentified dinoflagellates which are given as 
"Dinoflagellates"; the flagellate Crvptomonas is recognized and counted 
separately from unidentified "Flagellates"; Anacvstis and Chroococcus are no 
longer recognized as separate entities, but counted together as Anacvstis in 
accordance with Drouet's (1968) revision of blue-green taxonomy. 

MISSING DATA 
Station SDC-4-1 was accidentally omitted in the survey of July 1977. 



RESULTS AND DISCUSSIONS 
The authors believe that the materials presented in this section will be 
more convenient for both authors and readers if presentation of the results 
and discussion of the results are not separated. - We believe that the reader 
will have no difficulty in distinguishing between the objective presentation 
of the results and our subjective discussion of them. 

The Thermal Bar of 14 April 1Q77 

April water temperature conditions in the Cook Plant survey grid 
frequently range from below 4^C to above 4^C. The 4^ isotherm marks the 
position of the line of convergence and sinking where mixing of warmer and 
colder waters create 4 C. The line of convergence and sinking constitutes 
the so-called thermal bar which is often cited as being a barrier to the 
mixing of inshore and offshore waters. For this reason we have made it a 
policy to report thermal bar conditions when they are encountered during 
surveys at Cook Plant. 

Without entering into the controversy about whether the sinking 4^ water 
constitutes a barrier to subsurface mixing of inshore and offshore waters, 
there are some points to be borne in mind about the spring thermal bar 
condition. The spring thermal bar develops after winter wind-mixing of the 
whole lake body, and waters on both sides of the bar have been 
nutrient-enhanced by the mixing. Formation of the sinking 4^ water is by 
surface mixing of the inshore and offshore waters. The thermal bar moves 
rapidly away from shore (Rodgers 1966, page 372, found the bar in Lake 
Ontario moved offshore 0.5 mile in 8.5 hours) and very rapidly increases the 
volume of warmed water inshore of it. Since the waters on both sides of the 
bar contain adequate nutrients and since the sun shines on both sides of the 



bar, the factor setting off phytoplankton blooms in the inshore water must be 
the warmth of the inshore water. In this connection it should be noted that 
Rodgers (op. cit., page 371) says "Whether this change [of water color across 
the bar] is due to impoundment of runoff, or whether the warmer water promoted 
the growth of biological material, is a point which requires clarification." 

On 14 April 1977 the thermal bar crossed the Cook Plant survey grid just 
lakeward of its center. Phytoplankton densities were about 2000 cells/ml along 
the 4 isotherm, were somewhat higher at the lakeward edge of the grid, and 
were greatly higher along the shore. Figure 2 shows the position of the 
thermal bar in the field of contours of phytoplankton densities. Surface water 
temperatures ranged from less than 2 offshore to more than 10^ at the beach. 
On this day the plant's thermal plume was small and lay around station DC-1, 
the first station immediately off the plant. In the plume area phytoplankton 
density was greater than 4000 cells/ml, although densities greater than 5000 
per ml were found at station SDC-.5-2 south of the plume and at stations in the 
northern and southern sides of the grid. 

Figure 3 presents histograms of phytoplankton densities, and of the 
concentrations of the conservative ions sulphate and chloride by one degree 
intervals of surface water temperature. Phytoplankton were most abundant in 
the warm water near shore. Sulphate may show some evidence of runoff being 
impounded by the thermal bar but a total variation of 3.4 ppm (16.8 to 20.2) is 
hardly an indication of significant runoff impoundment. Chloride showed no 
evidence of impoundment by the bar. 

We conclude, as we have in the cases of other thermal bar conditions in 
the study area, that spring warming at the shore is the primary reason for 
greater phytoplankton abundance shoreward of the bar. 
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FIG. 3. Histograms of phytoplankton densities (cells/ml) and 
of sulphate and chloride by one C°water temperature intervals 
during the thermal bar condition of 14 April 1977. Numbers 
within the bars indicate the numbers of samples averaged. 
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PhvtoDlankton Summary Tables 

The phytoplankton summary tables employed here are based on the ones 
used by the Michigan Water Resources Commission at the time our reporting 
procedures were established (MWRC, 1970). Our summaries differ from theirs 
in that we count the numbers of cells in filamentous and colonial forms 
(except blue-green algae with cylindrical trichomes which are counted as 
individual organisms), while the Commission counts a filament or colony as a 
single organism. The station collection records from which the summaries for 
1977 were prepared constitute Appendix B. 

The summary table for each seasonal survey presents, station-by-station, 
the surface-water temperature at the time of collection, the numbers per ml 
of each of ten major categories of planktonic algae, and the dominant (and 
codominant, see below) species or groups. The categories of phytoplankton 
employed are: coccoid blue-green algae, filamentous blue-green algae, 
coccoid green algae, filamentous green algae, flagellates, centric diatoms, 
pennate diatoms, desmids, other algae, and total algae. The summary tables 
allow quick assessment of the general compositions of the populations 
sampled, the ambient water temperature, and give the dominant and codominant 
species or groups (forms). The summary tables presented in Table 2 cover the 
surveys of spring (April), summer (July), and fall (October) of 1977. 

Dominant and Codominant Phvtoplankters 

In each phytoplankton sample one form (species or group) is typically 
present in greater abundance than the others. We designate these species or 
groups as "dominant." In many samples, however, one or more other species or 
groups will come close to matching the numbers of the dominant form; we 
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designate these slightly less abundant forms "codominants" and list them 
along with the dominant in the "Dominant species" column of Table 2. 



TABLE 3. The dominant and codominant phytoplankters in the Cook Plant 
seasonal surveys of preoperational 1970 through 1974 and operational 
1975 through 1977. 



Dominant or 
Survey Species or group codominant 

occurrences 

10 JULY 1970 Tabellaria fenestrata (diatom) 40 
Cvclotella sp. (diatom) 9 

Fragilaria crotonensis (diatom) 7 

Melosira sp. (diatom) 3 

Dinobrvon divergens (flagellate) 2 

Flagellates 2 

Melosira granulata (diatom) 2 

Melosira granulata v. angustissima (diatom) 2 

Oocvstis solitaria (green alga) 2 

Anabaena circinalis (blue-green alga) 
Chlamvdomonas sp. (flagellate) 
Microcystis aeruginosa (blue-green alga) 
Melosira islandica (diatom) 
Melosira italica (diatom) 

25 SEPT 1970 Chlamvdomonas sp. (flagellate) 28 

Fragilaria crotonensis (diatom) 13 

Dinobrvon divergens (flagellate) 10 

Oocvstis sp. (green alga) 10 
Gloeocvstis sp. (green alga) 7 

Melosira granulata (diatom) 7 

Chroococcus limneticus (blue-green alga) 4 

Ochromonas sp. (flagellate) 3 

Melosira granulata v. angustissima (diatom) 2 

Peridinium sp. (flagellate) 2 

Closteriopsis sp. ("other" alga*) 
CrvDtomonas sp. (flagellate) 
Cvclotella sp. (diatom) 
Tabellaria fenestrata (diatom) 
Tetraedron minimum ("other" alga*) 

12 NOV 1970 Ochromonas sp. (flagellate) 33 

Chlamvdomonas sp. (flagellate) 19 
CrvDtomonas sp. (flagellate) 3 

Fragilaria crotonensis (diatom) 3 

Crucigenia rectangularis ("other" alga*) 1 

Cvclotella sp. (diatom) 1 
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TABLE 3- continued 



Survey 



Species or group 



Dominant or 

codominant 

occurrences 



15 APRIL 1971 



9 JULY 1971 



8 NOV 1971 



12 APRIL 1972 



Qchromonas sp, (flagellate) 
Melosira sp. (diatom) 
Chlamvdomonas sp. (flagellate) 
Tabellaria fenestrata (diatom) 
Stephanodiscus sp. (diatom) 
Fragilaria crotonensis (diatom) 
Cvclotella sp. (diatom) 
Fragilaria sp. (diatom) 

Gloeocvstis sp. (green alga) 
Oocvstis sp. (green alga) 
Glenodinium sp. (flagellate) 
Dinobrvon divergens (flagellate) 
Tabellaria fenestrata (diatom) 
Cvclotella sp. (diatom) 
Fragilaria crotonensis (diatom) 
Scenedesmus sp. ("other" alga*) 
Crucigenia sp. ("other" alga^) 
Fragilaria sp. (diatom) 
Westella linearis (green alga) 

Qchromonas sp. (flagellate) 
Tabellaria fenestrata (diatom) 
Fragilaria crotonensis (diatom) 
Gloeocvstis sp. (green alga) 
Chlamvdomonas sp. (flagellate) 
Crvptomonas sp. (flagellate) 
Aphanotheoe sp. (blue-green alga) 
Oocvstis sp. (green alga) 
Fragilaria sp. (diatom) 

Tabellaria fenestrata (diatom) 
Chlamvdomonas sp. (flagellate) 
Cvclotella sp. (diatom) 
Stephanodiscus sp. (diatom) 
Gloeocvstis sp. (green alga) 



24 
15 

15 
14 

13 
9 
6 
1 

47 
18 
12 
10 
8 
4 

3 
1 

1 
1 
1 

20 

17 

7 

6 

4 

3 
2 

1 
1 

13 
8 

7 
6 
4 
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TABLE 3. continued 



Survey 



Species or group 



Dominant or 

codominant 

occurrences 



16 JULY 1972 



15 OCT 1972 



25 APRIL 1973 



Tabellaria fenestrata (diatom) 
Gloeocvstis sp. (green alga) 
Chlamvdomonas sp, (flagellate) 
Fragilaria intermedia (diatom) 
Fragilaria capucina (diatom) 
Fragilaria crotonensis (diatom) 
Dinobrvon sp. (flagellate) 
Flagellates 

Anabaena sp. (blue-green alga) 
Glenodinium sp. (flagellate) 
Oocvstis sp. (green alga) 

Melosira granulata (diatom) 

Chroococcus limneticus (blue-green alga) 

Flagellates 

Chroococcus sp. (blue-green alga) 

Stephanodiscus minutus (diatom) 

Flagellates 

Cvclotella sp. (diatom) 

Stephanodiscus sp. (diatom) 

Fragilaria crotonensis (diatom) 

Gloeocvstis sp. (green alga) 

Chlamvdomonas sp. (flagellate) 

Melosira granulata (diatom) 

Tabellaria fenestrata v. intermedia (diatom) 



14 
5 
5 
4 
4 
3 
3 
2 
2 
1 
1 

26 
4 
3 



21 

12 

5 

3 



19 JULY 1973 



23 OCT 1973 



Stephanodiscus tenuis (diatom) 

Cvclotella stelligera (diatom) 

Melosira granulata v. angustissima (diatom) 

Chlamvdomonas sp. (flagellate) 

Cvclotella sp. (diatom) 

Cvclotella atomus (diatom) 

Anacvstis incerta (blue-green alga) 

Flagellates 

Gloeocvstis sp. (green alga) 

Coccomvxa coccoides (green alga) 

Melosira granulata v. angustissima (diatom) 

Flagellates 

Chlamvdomonas sp. (flagellate) 

Fragilaria crotonensis (diatom) 

Melosira granulata (diatom) 



19 

10 

4 

4 

2 



20 
9 
3 
2 

1 
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TABLE 3. continued 



Survey 



Species or group 



Dominant or 

codominant 

occurrences 



20 APRIL 1974 



11 JULY 1974 



9 OCT 1974 



17 APRIL 1975 



Fragilaria crotonensis (diatom) 

Flagellates 

Steohanodiscus tenuis (diatom) 

Svnedra filiformis (diatom) 

Fragilaria intermedia v. fallax (diatom) 

Melosira granulata (diatom) 

Melosira italica (diatom) 

Steohanodiscus minutus (diatom) 

Fragilaria crotonensis (diatom) 

Flagellates 

Anacvstis incerta (blue-green alga) 

Anabaena flos-aouae (blue-green alga) 

Cvclotella stelligera (diatom) 

Tabellaria fenestrata v. intermedia (diatom) 

Thalassiosira pseudonana (diatom) 

Steohanodiscus tenuis (diatom) 

Anacvstis incerta (blue-green alga) 
Flagellates 

Gomphosphaeria lacustris (blue-green alga) 
Anacvstis thermalis (blue-green alga) 
Fragilaria crotonensis (diatom) 
Asterionella formosa (diatom) 
Melosira granulata (diatom) 
Steohanodiscus minutus (diatom) 
Stephanodiscus tenuis (diatom) 



Flagellates 
Stephanodiscus tenuis 
Fragilaria crotonensis 
Stephanodiscus minutus 
Cvclotella stelligera 
Tabellaria flocculosa 
Tabellaria fenestrata v 



(diatom) 

(diatom) 

(diatom) 
(diatom) 
(diatom) 
• intermedia 



(diatom) 



Melosira islandica (diatom) 
Anacvstis incerta (blue-green alga) 
Fragilaria capucina (diatom) 
Fragilaria intermedia (diatom) 
Svnedra filiformis (diatom) 



20 
18 
11 
3 
1 
1 
1 
1 

27 
21 
2 
1 
1 
1 
1 
1 

22 
21 
11 
3 
2 
1 
1 
1 
1 

24 

17 

15 

8 

7 
3 
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TABLE 3. continued 



Survey 



Species or group 



Dominant or 

codominant 

occurrences 



17 JULY 1975 



17 OCT 1975 



14 APRIL 1976 



14 JULY 1976 



Gloeocvstis sp. (green alga) 

Flagellates 

Anabaena flos-aauae (blue-green alga) 

Green coccoid unknown 

Fragilaria crotonensis (diatom) 

Cvclotella stelligera (diatom) 

Gloeocvstis planctonica (green alga) 

Anacvstis incerta (blue-green alga) 

Gomphosphaeria lacustris (blue-green alga) 

Fragilaria crotonensis (diatom) 

Flagellates 

Anabaena flos-aauae (blue-green alga) 

Gloeocvstis sp. (green alga) 

Ochromonas sp. (flagellate) 

Svnedra filiformis (diatom) 

Flagellates 

Fragilaria crotonensis (diatom) 
Asterionella formosa (diatom) 
Stephanodiscus sp. (diatom) 
Anacvstis incerta (blue-green alga) 
Stephanodiscus subtilis (diatom) 
Rhizosolenia gracilis (diatom) 
Stephanodiscus minutus (diatom) 
Gomphosphaeria lacustris (blue-green) 
Ulothrix sp. (green alga) 

Flagellates 

Gloeocvstis sp. (green alga) 
Anabaena flos-aouae (blue-green) 
Gomphosphaeria lacustris (blue-green) 
Anacvstis incerta (blue-green) 
Cvclotella stelligera (diatom) 
Fragilaria crotonensis (diatom) 
Gloeocvstis planctonica (green alga) 
Oocvstis sp. (green alga) 
Pediastrum duplex ("other" alga*) 



20 
15 
10 
4 
1 
1 
1 

22 

15 
9 
5 
1 
1 
1 
1 

23 
18 
16 
8 
4 
4 
2 
2 
1 
1 

24 
12 
9 
4 
2 
2 
2 
1 
1 
1 
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TABLE 3. continued 



Survey 



Species or group 



Dominant or 

codominant 

occurrences 



14 OCT 1976 



14 APRIL 1977 



13 JULY 1977 



14 OCT 1977 



Flagellates 

Fragilaria crotonensis (diatom) 
GomphosDhaeria lacustris (blue-green) 
Anacvstis incerta (blue-green) 
Cvclotella comensis (diatom) 
Gloeocvstis sp. (green alga) 
Anabaena flos-acuae (blue-green) 
Gloeocvstis planctonica (green alga) 
Melosira granulata (diatom) 

Flagellates 

Ochromonas sp. (flagellate) 
Fragilaria crotonensis (diatom) 
Svnedra ostenfeldii (diatom) 
Svnedra filiformis (diatom) 
Anacvstis incerta (blue-green alga) 
Cvclotella stelligera (diatom) 

Fragilaria crotonensis ( diatom) 

Cvclotella comensis (diatom) 

Anabaen^ flos-acuae (blue-green alga) 

Flagellates 

Cvclotella sp. (diatom) 

Anacvstis incerta (blue-green alga) 

Cvclotella michiganiana (diatom) 

Anacvstis incerta (blue-green alga) 

Gomphosphaeria lacustris (blue-green alga) 

Flagellates 

Fragilaria crotonensis (diatom) 

Melosira granulata (diatom) 

Agmenellum ouadruplicatum (blue-green alga) 



28 
11 
8 
6 
5 
5 
1 
1 
1 

24 
19 
13 
5 
2 
1 
1 

15 
15 
11 
6 
5 
3 
3 

24 

12 

10 

6 

2 

1 



* A green alga, but coded as "other" because it is neither filamentous nor 
coccoid. 



In Table 3 the dominant and codominant forms in the stations of each 
seasonal survey of 1970 through 1977 have been assembled and the numbers of 
their dominant or codominant occurrences given. This is done to assist the 



23 



reader in sorting the probably important dominants and codominants from the 
rare ones which might be due to the chance capture of a single many-celled 
filament or colony. 

When the cases of multiple (more than one) dominance or codominance 
are summarized by algal type, the following is obtained: 





Blue-greens 


Greens 


Flagellates 


Diatoms 


1970 










July 




1 


2 


6 


Sep. 


1 


2 


4 


3 


Nov. 


_ 


_ 


3. 


1 




1 


3 


9 


10 


1971 










Apr. 






2 


5 


July 




2 


2 


3 


Nov. 


1 


1 


1 


1 




1 


3 


7 


10 


1972 










Apr. 




1 


1 


3 


July 


1 


1 


3 


4 


Oct. 


2. 




1 


1 




3 


i" 


5 


8 


1973 










Apr. 






1 


3 


July 






1 


4 


Oct. 






4 


2. 
9 


1974 










Apr. 






1 


3 


July 


1 




1 


1 


Oct. 


1 




1 


1 




4 




3 


5 


1975 










Apr. 






1 


5 


July 


1 


2 


1 




Oct. 


1 




1 


1 




3 


2 


3 


6 


1976 










Apr. 


1 




1 


6 


July 


3 


1 


1 


2 


Oct. 


£ 


1 


1 


Z 




6 


2 


3 


10 
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1977 

Apr. 2 3 

July 2 1 4 

Oct. £ ' 1 Z 

4 4 9 

Except for the greater number of dominant and codominant blue-greens in 
1976, the numbers and types of dominants and codominants during the 
operational years are within the range of normal variation established in the 
preoperational years. It is unlikely that the increased blue-greens in 1976 
were an effect of plant operation, for they returned to the normal range of 
numbers in 1977 when the plant operated at full power for much more of the 
year than it had in 1976. 

Beginning in 1972 there has been a trend toward increasing numbers of 
blue-green algae as dominants and codominants. This conforms with the 
findings by Tarapchak and Stoermer (1976) and others that in recent years 
blue-greens have increased in Lake Michigan as a result of summer depletion 
of silica in the epilimnion. Heavy dominance by the blue-greens Anacvstis 
incerta and Gomphosphaerj^a lacustris first appeared in October 1974 and has 
been characteristic of Octobers in subsequent years. It is attributable to 
summer silica depletion, not to any effect of plant operation. 

Master Lists of Phvtoolankters Collected 

Appendix C presents the lists of phytoplankters collected in the 
seasonal surveys of 1977. Ayers (1978) lists the collections of 1976 and 
previously unreported September 1970. Ayers, Southwick, and Robinson (1977) 
give the master lists for the surveys of 1974 and 1975. Ayers (1975) 
presents the lists for the surveys of 1972 and 1973. Ayers, Mozley, and 
Stewart (1974) list the species collected in the seasonal surveys of 1971. 
Ayers, Mozley, and Roth (1973) give the master list for November 1970, Ayers 
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et. al . (1971) list the species taken in the July survey of 1970. 

Over time, the master lists provide a means of watchins for changes in 
the phytoplankton community. The master lists of 1972 (when the 
settle-freeze method was adopted) through 1977 have been put to this use in 
the section that follows. 

Continued Increase of a New Diatom Species 

The centric diatom, Cvclotella comensis . first appeared in Cook 
Plait phytoplankton collections in October 1975 and has been taken with 
increasing regularity in the seasonal surveys since then. The record on 
occurrences of C.. comensis now stands: 







1^75 




1976 






1977 




Number of 
occurrences 


Jul. 



Oct. 
24 


Apr. 
13 


Jul. 
6 


Oct. 
35* 


Apr. 
29 


Jul. 
38»» 


Oct 
39 


Percent of 
samples 
containing it 





66 


33 


15 


100 


74 


100 


100 


Range of % 
of sample 
populations 





0- 
1.77 


0- 
0.59 


0- 
0.24 


0.60- 
25.80 


0- 
0.65 


1.25- 
36.75 


0.27- 
3.35 


Mean $ of 

sample 

populations 





0.58 


0.06 


0.02 


6.52 


0.16 


15.20 


1.29 


Number of 
dominant or 
Godominant 
occurrences 














5 





15 






* Four stations omitted due to high seas. 

*^ Station SDC-4-1 was accidentally omitted in this survey. 



Cvclotella comensis is known from alpine lakes, Lake Superior, Lake 
Huron and Saginaw Bay, as well as northern and central Lake Michigan. Aside 
from the fact that it blooms in late summer or early fall, nothing is known 
of the requirements or preferenda of this diatom. Previous collections of 
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this entity from other parts of the Great Lakes argue that its appearance and 
increase in the Cook Plant collections are due to some change in the lake, 
not to the operation of the plant. 

Its failure to bloom in October 1977 is completely consistent with a 
late summer depletion of silica in the epilimnion. 

Major Algal Group Percentages at Plant and Reference Stations. 1970-1977 

Figure 4 presents the year to year variations in the proportions of five 
major algal categories at four stations in front of the plant and at two 
reference stations located seven miles north and south of the plant. The 
intent is to obtain from the preoperational years indications of the 
similarity in population composition at the two sets of stations and to lock 
in the operational years for dissimilarities that might be the results of 
plant operation. 

The plant stations (stations DC-0, DC-1 , NDC-.5-1, and SDC-.5-1) are 
shallow water stations near the plant's discharges where discharged waste 
heat could be expected to be present most often. The reference stations, 
NDC-7-1 and SDC-7-1, are also shallow water stations but each is seven miles 
from the plant where waste heat should not be expected. 

In the computations for the figure, the densities in cells/ml of each of 
the ten categories of algae in the summary tables have been averaged and the 
mean abundance of each expressed as a percent of mean total algae. Coccoid 
and filamentous blue-greens have been combined, as have coccoid and 
filamentous greens, centric and pennate diatoms, and desmids and other 
algae. The percentages have been progressively summed in plotting the 
graphs. A change in method of counting blue-greens, introduced in 1974, 
resulted in an abrupt increase in that year and it has continued since. 
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Ayers (1978) explains the missing data and discusses the degrees of 
similarity in population compositions at the two station groups. On the 
whole, the temporal changes of the component parts of the phytoplankton 
communities at the two station groups have been qualitatively similar in the 
preoperational years; only in the flagellates and green algae in 1973 were 
the changes directionally different in the two station sets. In the 
operational years the compositional changes in the communities at the plant 
and reference stations have been, if anything, even more similar than in the 
preoperational period. 

In both the plant and the reference stations in 1975 flagellates 
represented a greater proportion of the population than in 197^, though not 
so great a one as was observed in September-November 1970 and about the same 
as in July 1972. As a result of the warmer summer, flagellates in both 
station groups reached their greater abundances a month earlier than in 1974, 

Green algae in both plant and reference stations began their greater 
abundances in July 1975, again an effect of the warmer summer. In neither 
station group did these algae reach the massive proportions of the 
populations that were observed in 1971. 

In 1976 the partitionings of the five components of the phytoplankton 
populations were, in both the plant stations and the reference stations, 
different from those observed in previous years. Blue-green and green algae 
did not exhibit the pronounced maxima or minima of other years. Flagellates 
in both station groups were generally a higher and more sustained proportion 
of the population than in other years. Desmids and other algae peaked in 
September, which had not been seen before. The summer diatom minimum 
occurred in June in the plant stations and in June and July in the reference 
stations; in both sets of stations the minima were less severe than in 1974 
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or 1975. In general, it appears that in 1976 flagellates and desmids and 
other algae increased at the expense of diatoms , coccoid and filamentous 
greens, and blue-green algae in both the plant and the reference stations. 

In 1977 blue-greens returned to the summer peak levels of 1974 and 
1975. Green algae, in both sets of stations, were a minor part of the 
population in each of the surveys. Flagellates were, somewhat more abundant 
in spring 1977 than in the springs of preceeding years and had a May peak in 
abundance at the expense of the diatoms . Diatom summer minima occurred in 
August in each station set; a second minimum occurred in October at the plant 
stations and in November in the reference stations. Desmids and other algae 
peaked in September as they had in 1976. Except that the fall increase in 
diatoms and decrease in blue-greens had begun in November at the plant 
stations but not yet at the reference stations, the abundance changes in the 
two sets of stations were directionally similar in 1977. 

No dissimilarities attributable to plant operation have been revealed by 
this method of analysis. 

Inner-Outer Graphical Comparisons: Numbers of Forms 

In this section the term "forms" includes organisms identified to 
species (e.g. Melosira jg;ranulata ) y organisms identified only to genus (e.g. 
Ulothrix sp. or spp.), and composite groups of unidentified organisms (e.g. 
Flagellates) . 

Data on the numbers of phytoplanktonic forms in collections from the 
Cook Plant region in the years 1971 through 1975 have been presented and 
discussed by Ayers, Southwick, and Robinson (1977); Ayers (1973) extended the 
data and discussions to include 1970 and 1976; for the most part the 
tabulated data in those reports are not repeated here. This section concerns 
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itself with extending the previous tabulations, figures, and discussions to 
include the seasonal surveys of 1977. Numbers of forms are listed in each 
station collection in Appendix B. 

As was done in the reports cited, the data on numbers of forms present 
in 1977 are stratified by three depth zones and inner (treatment) and outer 
(control) station groups. Stations along, or less than two miles north or 
south of, a central transect extending perpendicular to shore from the Cook 
Plant are defined as inner stations which might be affected by plant operation. 
Stations 2 miles or more north or south of the plant are defined as north and 
south reference stations or, lumped together, as outer stations. Zero to 8 m 
depths are designated "Zone 0"; 8 to 16 m as "Zone 1"; and 16 to 24 m as 
"Zone 2." For each depth zone there are inner and outer station groups. The 
depth zones and station groups used are: 

Depth Zone Depth Range Inner Station Group Outer Station Group 



to 8 m 


DC-0 


NDC-2-0 




DC-1 


NDC-2-1 




NDC-.5-0 


NDC-4-0 




NDC-.5-1 


NDC-4-1 




NDC-.5-2 


NDC-7-1 




NDC-1-0 


SDC-2-0 




NDC-1-1 


SDC-2-1 




SDC-.5-0 


SDC-4-0 




SDC-.5-1 


SDC-4-1 




SDC-.5-2 


SDC-7-1 




SDC-1-0 






SDC-1-1 




8 to 16 m 


DC-2 


NDC-2-3 




NDC-1-2 


NDC-7-3 




SDC-1-2 


SDC-2-3 
SDC-7-3 


16 to 24 m 


DC-3 


NDC-4-3 




DC-4 


NDC-7-5 



SDC-4-3 
SDC-7-5 

Mean numbers of forms, the associated standard errors, and numbers of 



31 



observations have been computed and are given in Table 4. 

TABLE 4. Means, standard errors, and numbers of observations of phytoplankton 
forms by seasons, depth zones, and inner and outer station groups in Cook Plant 
seasonal surveys 1977. Previous years are reported by Ayers, Southwick, and 
Robinson (1977) and Ayers (1978). 



1977 

14 April HJulx 14 October 



57.33 66,50 

4.86 3.91 



Zone 0, Inner 
Mean 
S. E. 
M 


57.17 
2.74 
12 


Outer 
Mean 
S. E. 
N 


51.60 
1.63 
10 


Zone 1 , Inner 
Mean 
S. E. 
N 


57.67 
9.17 
3 


Outer 
Mean 
S. E. 
N 


54.00 
6.37 
4 


Zone 2, Inner 
Mean 
S. E. 
N 


61.00 
4.00 
2 


Outer 
Mean 
S. E. 
N 


46.75 
5.44 
4 



12 12 



54.00 63.10 

6.78 4.84 

9 10 



42.67 68.00 

5.33 6.43 

3 3 



48.25 71.25 

3.04 9.76 

4 4 



42.00 61.50 

2.00 0.50 

2 2 



40.50 45.50 

1.33 2.85 

4 4 



Time plots of mean numbers of forms by seasons , depth zones , and inner and 
outer station groups are presented in Figure 5. Also included in the figure 
are, for each year, three-seasonal averages of mean numbers of forms at inner 
and outer stations; these are plotted in July of each year and are connected 
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from year to year by a solid line for inner stations and a dashed line for 
outer stations. Such averages for 1970 are not given because only summer and 
fall were surveyed . 

The three-seasonal averages of numbers of forms in 1977 are: Zone 0, 
inner 60.3, outer 56.2; Zone 1, inner 56.1, outer 57.8; Zone 2, inner 54.8, 
outer 44.3. Ayers (1978) gives the values for 1971 through 1976. 

The annual curves of mean numbers of forms in Figure 5 show substantial 
degrees of parallelism, indicating that the numbers of forms in inner and outer 
station groups have in general varied in the same directions from season to 
season in each year. 

In Zone the positions of the annual curves on the graphs and the 
three-seasonal averages indicate steadily rising tendencies from 1971 through 
1976 with a small decrease in 1977. In Zone 1 the curve positions and averages 
show a tendency to plateau in 1973 through 1975 with increases in 1976 and 
1977. In Zone 2 the curve positions and averages for the outer stations show a 
slow increase in numbers of forms; the inner stations of this zone well off 
shore show an overall tendency for increase and for there to be more forms at 
these stations than at the outer ones, conditions which have been true since 
1971. 

The tendency for increase in numbers of phytoplankton forms in Cook Plant 
collections since 1971 is consistent with the observations of Stoermer and Yang 
(1969, pp. 209 and 211) that phytoplankters have been introduced into Lake 
Michigan in recent decades and that one of the effects of nutrient enrichment 
from man's activities has been to make the planktonic environment more 
accessible to forms that find their primary habitat in benthic assemblages. 

There is no convincing evidence from this analysis that operation of the 
Cook Plant since 1975 has had any effect on the local phytoplankton community, 
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instead the increases in form numbers at the inner and outer station groups 
appear to be an effect of the lake's eutrophication process. 

Inner-Outer Graphical Comn arisons: Diversity Indices 

Cook Plant species diversity data for the years 1971 through 1976 have 
been presented and discussed by Ayers, Southwick, and Robinson (1977) and Ayers 
(1978). The tabulated data in those reports are for the most part not repeated 
here. This section is concerned with extending the previous discussions, 
tabulations, and figures to include the major surveys carried out in 1977. 

As was done in the report cited above, the diversity index data have 

been stratified by three depth zones and by inner treatment stations (near 

the plant) and outer control or reference stations groups. The diversity 

index used is, as previously, that of Wilhm and Dorris (1968): 

_ S 

d = - E (n /n) log (n./n) 
i=1 ^ ^ 

where S is the number of species, n is the total number of phytoplankton in 
cells/ml, n^ is the number of phytoplankton of the i^^ species. 

Mean diversity indices and associated standard errors for each 
depth-zone-station-group combination in 1977 have been computed and are 
presented in Table 5. In Figure 6 the surveys of 1977 have been added at the 
end of the time plots of diversity indices and standard errors which were 
presented by Ayers (1978). 
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TABLE 5. Means, standard errors, and numbers of observations of phytoplankton 
diversity indices by seasons, depth zones, and inner or outer station groups in 
Cook Plant major surveys during operational 1977. Previous years are reported 
in Ayers, Southwick, and Robinson (1977) and Ayers (1978). The diversity index 
used is that of Wilhm and Dorris (1968) based on log 2. Standard errors are 
computed only when the number of observations is two or more. 



1977 



Zone 0, Inner 
Mean 
S. E, 
N 

Outer 
Mean 
S. E, 
N 

Zone 1 , Inner 
Mean 
S. E, 
N 

Outer 
Mean 
S. E, 
N 

Zone 2, Inner 
Mean 
S. E, 
N 

Outer 
Mean 
S. E. 
N 



In Figure 6 the annual curves of mean diversity indices generally show 
substantial degrees of parallelism between inner and outer station groups, 
though parallelism was poor in all zones in 1971 and 1972, in Zone in 197^, 
and in Zone 1 in 1970 and 1973. Parallelism between the curves for inner 
(treatment) and outer (control) stations indicates that changes in diversity 
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from season to season were the same in both sets of stations. Parallelism of 
the curves for inner and outer station groups in the operational years 1975 
through 1977 has been as good as or better than in the preoperational years. 

The placement of annual curves on the graphs shows in all zones either a 
trend toward increasing diversity from 1972 through 1976 with no increase from 
1976 to 1977 or (alternatively) an increase from 1972 through 1974 with a 
horizontal trend since that year. 

The meaning of these two trend possibilities is not now clear. Stoermer 
and Yang (1969, p. 212) point out that in Lake Michigan there has been a trend 
for diversity to increase with increasing eutrophication, rather than to 
decrease as might be expected from theory; if the lower data from 1977 are 
within normal annual variation, then increase due to eutrophication may be 
continuing. Alternatively, if the efforts toward reduction of phosphorus input 
to the lake are beginning to have effect, the upward trend due to 
eutrophication may be being halted. Data from additional years will be needed 
to clarify the question. 

There is no evidence from our diversity studies thus far that operation of 
the Cook Plant has adversely affected (lowered the diversity of) the local 
phytoplankton community in the operational years 1975 through 1977. Instead, 
the phytoplankton community has in the operational years continued to be more 
diverse than it was in the preoperational years prior to 1974. 

Inner-Outer Graphical Comparisons: Phvtoplankton Redundancies 

Redundancy values are derived from the diversity index of Wilhm and 

Dorris (1968): 

_ S 

d = - H (n^/n) log^ (n^/n) 
i=1 



42 



where S is the number of species, n is the total number of phytoplankton in 
cells/ml, n^ is the number of phytoplankton of the i^^ species. Diversity as 
presented here is not the true diversity since not all forms encountered can 
be identified to the species level. Therefore, this diversity must be viewed 
with caution. However, since these diversities do mean something about 
community structure they will be used to illustrate changes occurring within 
the phytoplankton population from year to year and for the derivation of 
redundancies. 

Redundancy is a measure of the dominance of one or a few species within 
a given population. As presented by Wilhm and Dorris (1968) it is: 



d - d 
max 
r = 



d - d . 
max mm 



where d is the observed diversity as calculated above, d is the maximum 

max 

diversity for a particular community, and d . is the minimum possible 
diversity for a particular community, d^^^ is calculated using the following 
equation: 

^max = (^/n)(log2 n! - s log^ [n/S]!) 
and cl . is calculated using the equation: 

^min = (^/n)(log2 n! - s log^ [n-CS-l)]!) 
The values of r range between and 1 . An r equal to implies that the 
species encountered in a community each have the same number of cells. An r 
equal to 1 implies that one species dominates the community of phytoplankton. 
Since redundancy values are not given in Appendix B, it is necessary to give 
them here (Table 6). The values for years 1970 - 1976 have been reported by 
Ayers (1978). Table 6 also presents the means, standard errors, and numbers of 
observations of redundancies in Cook Plant major surveys during 1977 stratified 
by seasons, depth zones, and inner and outer station groups. The means and 
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TABLE 6 . Means, standard errors, and numbers of observations of phytoplankton redundancies by seasons, 
depth zones, and inner and outer station groups in Cook Plant niajor sur^'eys during operational 1977. 



14 April 1977 15 July 1977 14 October 1977 



Zone 0, Inner Stations 

DC-0 0.236 0.260 0.204 

DC-1 0.272 0.338 0.380 

NDC-.5-0 0.275 0.400 0.263 

NDC-.5-1 0.212 0.350 0,493 

NDC-. 5-2 0.244 0.309 0.382 

NDC-1-0 0.216 0.346 0.298 

NDC~1-1 0.250 0.337 0,340 

SDC-.5-0 0.416 0.329 0.231 

SDC-.5-1 0.274 0.265 0.480 

SDC-.5-2 0.346 0.324 0.420 

SDC-1-0 0.260 0.342 0.155 

SDC-1-1 0.268 0.304 0.324 

Mean 0.272 0.325 0,331 

S. E. 0.016 0.011 0.031 

N 12-12 12 

Outer Stations 

NDC-2-0 0.211 0.321 0.253 

NDC-2-1 0.254 0.336 0.384 

NDC-4-0 0.193 0.400 0.365 

NDC-4-1 0.312 0.281 0.388 

NDC-7-.1 0.230 0.307 0,320 

SDC-2-0 0.227 0.334 0.350 

SDC-2-1 0.264 0.308 0.272 

SDC-4-0 0.318 0.300 0.369 

SDC-4-1 0.25; 0.422 

SDC-7-1 0.282 0.349 0,303 

Mean 0.257 0.326 0.343 

S. E. 0.014 0.012 0.017 

N 10 9 10 
Zone 1, Inner Stations 

DC-2 0.277 0.289 0.284 

NDC-1-2 0.244 0.328 0.541 

SDC-1-2 0.314 0.316 0.381 

Mean 0,278 0.311 0.402 

S. £. 0.020 0.012 0.075 

N 3 3 3 

Outer Stations 

NDC-2-3 0,227 0.340 0.416 

NDC-7-3 0.261 0.317 0.329 

SDC-2-3 0.384 0.458 0.479 

SDC-7-3 0.255 0.447 0.501 

Mean 0.232 0.391 0.431 

S. E. 0.035 0.036 0,039 

N . 4 4 4 

Zone 2, Inner Stations 

DC-3 0.237 0.364 0.538 

DC-4 0.308 0.426 0,408 

Mean 0.298 0.395 0.473 

S. E. 0.010 0.031 0,065 

N 2 2 2 

Outer Stations 

MDC-4-3 0,214 0.341 0.473 

NDC-7-5 0.314 0.335 0.525 

SDC-4-3 0,261 0.288 0.561 

SDC-7-5 0.267 0.254 0,406 

Mean 0.264 0.305 0.491 

S. £. 0.021 0,021 0.034 

N 4 4 4 
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standard errors are plotted on a time axis in Figure 7. 

The plots in Figure 7 show visual evidence of a trend, beginning in 1973, 
for redundancies to have become somewhat lower since that year. If real, the 
trend would indicate that there has been a tendency for the species in the 
community to have become more nearly equally abundant in numbers of individuals. 

Perhaps more important is that after 1972 there has been much better 
parallelism between the annual curves of redundancies at inae^ aia outer 
station groups, that is, changes in mean redundancies of collections from the 
two station groups have been much more alike than was the case in the earlier 
preoperational years. Since it began in the preoperational years and has 
continued into the operational years, the tendency for improved parallelism is 
attributed to some cause in the lake itself. 

There is nothing in this analysis of phytoplankton redundancies to 
indicate that the operation of Cook Plant has exerted any adverse impact on the 
local phytoplankton community. 

Inner-Outer Graphical Comparisons: Phvtoolankton Abundances Bv Algal Categories 

This section applies the inner-outer graphical analysis method to the 
abundances (in cells per ml) of ten major categories of phytoplankton and 
extends previously reported tabulations, figures, and discussions to include 
the seasonal surveys of 1977. Earlier years have been reported by Ayers, 
Southwick, and Robinson (1977) and Ayers (1978). 

The phytoplankton abundances used are those of total algae and of the nine 
major algal groups: coccoid blue-greens, filamentous blue-greens, coccoid 
greens, filamentous greens, flagellates, centric diatoms, pennate diatoms, 
desmids, and other algae. The use of major algal groups bypasses difficulties 
stemming from inability to always identify to species, and is justifiable on 
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the basis that members of each individual group have more or less similar 
functions in the ecosystem. 

Table 7 presents, for the seasonal surveys of 1977, the means, standard 
errors, and numbers of observations of abundances of total algae and the nine 
major groups of planktonic algae in the three depth zones and the inner and 
outer station groups. These are graphed with the preceeding years in Figure 8. 

Desmids (Fig. 8A) have shown almost no variation in abundance over the 
entire eight years of the study. 

Filamentous green algae (Fig. 8B) , which in April 1976 had somewhat 
increased in abundance in both station groups and in all three depth zones, 
returned to preoperational levels in July of that year and have remained there 
ever since. 

Other algae (Fig. 8C) , increased in abundance in all depth zones and both 
station groups in 1976 and 1977, but similar abundances had been observed in 
preoperational years. There is no clear evidence that the recent greater 
abundances were plant-induced. 

Filamentous blue-green algae (Fig. 8D) have been more abundant in all 
depth zones and both sets of stations in the three operational years. In Zones 
and 1 increases at the outer stations equalled or exceeded those at the inner 
stations in all three years. In 1976 and 1977 in Zone 2 July abundances at the 
inner stations greatly exceeded those at the outer stations. Although these 
inner stations are in front of the plant, they are offshore stations where the 
plant's discharge plume is present little if any of the time; the increases at 
these stations appear more apt to be effects of lake eutrophication than of 
Cook Plant operation. 

Coccoid blue-greens (Fig. 8E), which had been present in small amounts 
during most of the preoperational surveys, increased notably in October of 
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preoperational 1974 (due in part to a change in counting method that year) and 
this pattern has been characteristic in the years since, not so pronounced in 
1976, and very pronounced in 1977. It is to be noted that the increases in 
October 1977 were greater in the outer stations of Zones 1 and 2. Beginning in 
preoperational 1974 and continuing since, these fall increases are attributed 
to lake eutrophication, rather than to plant operation. 

Coccoid green algae (Fig. 8F) have been present in variable abundances of 
a few hundred cells per ml in each survey of the study area. In all but one of 
the operational surveys the abundances of these algae were at levels which had 
been observed in the preoperational years; the exception was at the inner 
station group of Zone 2 in July 1977 when abundances were somewhat higher than 
previously seen. These being offshore stations where the plant plume is not 
expected, the high of that month is attributed to some lake effect, not plant 
operation. 

Flagellates (Fig. 8G) in both station groups and all three depth zones 
continued in 1977 the trends of steadily increasing abundances that had been 
going on since 1971. The trends show no evident relationship to the startup of 
Cook Plant. We consider them to be effects of eutrophication, and note with 
interest that Stoermer, Bowman, Kingston, and Schaedel (1974, p. 366) 
hypothesize that the great abundances of flagellates in Lake Ontario may be 
related to elevated organic loadings. 

Pennate diatoms (Fig. 8H), like the flagellates, have shown in all depth 
zones and in both station groups steadily rising trends in their abundances. 
Their spring abundances have been generally increasing since 1973; their summer 
"crashes" in numbers have not been lower than they attained in preoperational 
years; and their fall abundances have been generally increasing since 1973. In 
these conditions among the pennates we see no effect of Cook Plant operation, 
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but rather a combination of: (1) increasing nutrient loading; (2) summer 
epilemnetic silica depletions; and (3) a tolerant group of organisms. 
Concerning the latter, Stoermer, Bowman, Kingston, and Schaedel (op. cit., p. 
365) say: "The elements of the phytoplankton flora which are common to both 
Lake Ontario and the upper lakes are those apparently eurytopic species such as 
Asterionella formosa [pennate], Fragilaria crotonensis [pennate], 
Ankistrodesmus falc^tus [other], Botrvococcus braunii [coccoid green], 
CrvDtomonas erosa [flagellate] etc. which enjoy almost universal distribution 
in both oligotrophic and eutrophic lakes." We note that the pennates 
Fragilaria crotonensis . Tabellaria fenestrata . and X- fenestrata v, intermedia 
have been frequent dominant or codominant forms in Cook Plant collections and 
consider this to be in harmony with the quotation above and with the paragraph 
on page 225 of the work cited where Tabellaria fenestrata is called common, 
widely distributed, and tolerant. 

Centric diatoms (Figs. 81, J, K) have varied widely in abundance during the 
period of study. Abundance variations at inner and outer stations have been 
directionally similar within each year but the annual patterns have been 
inconsistent from year to year. The expected summer minimum did not occur in 
any zone in 1977 nor in Zones or 1 in 1973. Fall recoveries in abundance did 
not occur in 1970, 1971, 1974, 1977, nor (except for the inner stations of Zone 
2) in 1973. No clear effect of Cook Plant operation is discernable in the data 
on centric diatoms. 

Total algae (Figs. 8L,M,N) have, in all three depth zones and in both 
inner and outer station groups, exhibited steadily rising abundances since 
1974; in Zone 2 the trend in abundance has been steadily upward since 1971. In 
Zone mean abundance levels in 1972 and 1973 were higher than a trend line 
from 1971 to 1974; in Zone 1 mean abundances in 1973 were higher than a trend 
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line from 1971 through 1972 to 197^. Trends of abundance increase in the 
flagellates, pennate diatoms, and blue-green algae have been commented upon; it 
appears that these algal categories are probably responsible for the trends in 
total algae. 

In depth Zone 0, parallelism between the annual curves of total algae 
abundance has been generally excellent and it is necessary to go back to 1970 
and 1972 to find surveys wherein the standard errors of the means for inner and 
o iter station groups do not overlap. Parallelism between the curves for inner 
and outer stations has been if anything, better in the operational years than 
during preoperation. The increasing abundances in both station groups must be 
attributed to changes in the lake, not to Cook Plant operation. 

In Zone 1 , parallelism between the annual curves of abundances has been 
better in the operational years than it was in preoperational years. Except 
for April 1975, abundances in this zone have been coasistently higher in the 
outer station group. If plant operation results in heat stimulation of 
phytoplankton reproduction, as has been postulated, and with the plant's waste 
heat plume in the inner stations of Zone 1 most or all of the time, the higher 
abundances should have been at these stations; in eight of the nine operational 
surveys, however, the highest abundances were in the stations of the outer 
group. If plant operation results in phytoplankton inhibition at the inner 
stations of Zone 1, then inhibition should have been less (abundances higher) 
at these stations during 1975 when the plant was in the testing and power 
ascension phase than during 1976 and 1977 when the plant operated at higher 
levels and more consistently than in 1975; abundances at the inner stations, 
however, have continued to increase from 1975 through 1977. With the trends 
toward increasing abundances beginning at least as early as preoperational 
1974, there is no clear evidence that operation of the plant has affected the 
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phytoplankton of Zone 1 . 

In Zone 2, parallelism between the curves of abundances at inner and outer 
stations has been, with the exception of July 1977, generally good since 1972. 
Except for July 1975 and October 1977, abundances of total algae have been 
greater at the inner stations in the operational-year surveys. With the 
plant's waste heat plume in Zone 1 most or all of the time, it would be 
unrealistic to attribute to plant heat the generally higher abundances at the 
inner stations of Zone 2. Abundances of total algae in both inner and outer 
stations of this offshore zone have been increasing quite consistently since 
1971. Beginning during preoperation and continuing into the operational years, 
the increasing abundances reflect some change in the lake itself, rather than 
effects of plant operation. 

In the time sequences of total phytoplankton abundances there is no 
convincing evidence that Cook Plant operation has affected the local community; 
the changes observed appear to be expressions of the lake's continuing 
eutrophication. 

Inner-Outer Statistical Comparisons: Phytoplankton Abundances bv Alg;al 
C ^teg o r; Les, 1970-1977 

Ayers (1978) reported preliminary statistical tests on total phytoplankton 
abundances (densities in cells per ml) at inner and outer station groups of 
shallow Zone and deep Zone 2 in the years 1970 through 1976. The test used 
was the 2-sample Students t. test. This section expands those preliminary 
statistical tests to include all ten categories of algae, the intermediate 
depth zone (Zone 1), and all three zones in the year 1977. 

The strategy was that if plant-caused effects on the phytoplankton were 
present they could be expected to show consistent significant differences in 
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cell densities between the inner and outer stations. Corollary to this was the 
possibility that plant operation might differently affect phytoplankters in the 
three depth zones and show consistent significant differences in the affected 
zone but not in the others. Another corollary was that plant operation might 
selectively act upon only one or a few of the ten categories of algae, 
producing consistent significant differences in densities of the affected 
categories between inner and outer station groups. 

For these tests spring was defined as March, April, and May; summer as 
June, July, and August; and fall as September, October, and November. For each 
season in each depth zone all available abundances of each algal category were 
averaged to give seasonal mean abundances at the inner and outer stations of 
each depth zone and comparisons were made between inner and outer mean 
abundances of each category in each depth zone. It was considered that 
lake-caused ?ibundance changes would similarly affect both the inner and outer 
station groups of each deoth zone in each season of each year. 

Table 8 gives for each algal category in each year, season, and station 
group the means, variance, number of observations, and T-test of significance 
in each depth zone. 

In Table 8 there are 591 paired comparisons of mean algal densities of 
which 350 are from preoperational years and 241 from the operational years 
1975-77. In the eight years covered there were a total of 36 cases of 
significant differences of mean densities between inner and outer station 
groups; these amount to 6.0? of the possible comparisons. 

The following tabulation gives the distribution of the cases wherein 
there were significant (at the .05 or .01 levels) differences between mean 
densities of phytoplankton categories in inner and outer station groups. In 
each case the order of the abbreviations is: year, depth zone, season (Sp, 
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Su, Fa), and I or indicating which station group had the greater mean 
density of cells. Cases in operational years are underlined. 

Coccoid blue-greens 75 ^Zg r^a.]; 

Filamentous blue-greens 75iZ1,.Sy.Q 75iZ2,F^,I 7aiZ2,SuJ 77.Z2.Su,I 



Coccoid greens 
Filamentous greens 
Flagellates 

Centric diatoms 
Pennate diatoms 
Desmids 
Other algae 

Total algae 



70,Z2,Su,I 71,Z2,Su,I 7^iZg,Fa,I 77,Z2,Su,I 

None 

71,Z1,Su,0 72,Z2,Sp,0 73,Z1,Fa,0 74,Z2,Fa,0 

76,Z2,F^,I 77iZ;ii3u,0 77,Z1,F^,0 

72,Z1,Sp,0 72,Z2,Fa,I 7^,Z1,FaJ 7^,ZZ,V^,l 

70,Z1,Su,0 71,Z2,Su,0 73,Z1,Sp,0 75.Z2.Fa.I 

71,Z1,Su,0 71,Z2,Su,I 

71,Z1,Sp,0 73,Z0,Sp,l 73,Z1,Sp,I 73,Z2,Fa,I 

74,Z2,Sp,I 77i?2,Fa,I 



72,Z0,Sp,0 72,Z2,Sp,0 76.Z1.SD.Q 
Summarized by years the cases of significant difference were: 

1970 (2 seasons) 2 cases 1974 2 cases 

1971 6 1Q7S A 

1972 5 1Q76 1 

1973 5 1977 L 

It is noted that the six cases of difference in operational 1975 and 1977 are 
not greater than the six that occurred in preoperational 1971; it is also 
noted that the four in operational 1976 are less than the five that occurred 
in preoperational 1972 and 1973- The numbers of cases by years appears to 
be within the natural range of variation, and no effect of plant operation 
is evident. 

Summarized by depth zones, with the station group having the greatest 

density of algae indicated and with operational year cases underlined, the 

cases of significant difference were: 
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Zone Zone 1 Zone 2 

Inner greater 1 + jQ. Inner greater -i- £ Inner greater 6 + JJL 
Outer greater 1 + jQ. Outer greater 7 + i Outer greater 4+5. 

In Zone the cases of significant difference in abundances at inner and 
outer stations have been equally divided in preoperational and operational 
years. No evidence of plant operation effects shows in these data. 

With the plant *s thermal plume in Zone 1 most of the time, the 
significantly greater abundances in this zone have been at the outer stations 
in 11 of 13 cases. In the preoperational years all seven cases were of greater 
abundances at the outer stations; greater abundances at the outer stations 
appear to be a natural feature of this depth zone. In operational years four 
of six cases were of greater abundances at the outer stations, which does not 
gainsay greater abundances at these stations as a natural feature of the zone. 

In Zone 2 during the preoperational years six of the ten cases of 
significant differences involved higher abundances in the inner stations; in 
the operational years all 1 1 cases have been of higher abundances in the inner 
stations. With the plant's thermal plume in Zone 1 most of the time, and with 
Zone 2 beginning at about two kilometers off shore and continuing farther, it 
is unlikely that waste heat from the plant has caused the higher abundances in 
the inner stations of this zone. 

With the local currents moving alongshore, an hypothesis that plant 
operation inhibits phytoplankton abundances in Zone 1 inner while stimulating 
them in Zone 2 inner does not appear tenable. The abundance curves of Figure 8 
do not support it. No convincing evidence of plant operation affecting local 
phytoplankton numbers has surfaced from these analyses. 
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CONCLUSIONS 

During the thermal bar condition of 14 April 1977 surface water 
temperatures ranged from less than 2 C offshore to more than 10 at the beach 
and phytoplankton were more than twice as abundant near shore than offshore. 
Average concentrations of the conservative ions, sulphate and chloride, were 
not significantly higher inshore of the bar than offshore. It is concluded 
that spring warming of the water, not impoundment of shore runoff, triggered 
the higher abundances of phytoplankton on the shoreward side of the thermal bar. 

In the dominant and codominant taxa of the Cook Plant phytoplankton 
collections, green algae and diatoms have continued to occur with 
preoperational frequencies. Since 1972 flagellates appear to be slightly less 
frequent as dominants than before, and blue-green algae appear to have 
increased in their frequency of dominance since 1973. Increased dominance of 
blue-greens in summer and fall in recent years has been found in other studies 
and is an accepted fact; the degree of dominance of these algae in the Cook 
Plant collections, however, is in part an artifact due to the counting of 
individual cells in most of the forms which was begun with the collections of 
1974. The trends in dominants are consistent with known changes in the lake; 
there is no evidence that operation of Cook Plant has produced the changes. 

The centric diatom Cvclotella comensis ^ previously collected in others of 
the Great Lakes and from other parts of Lake Michigan, appeared for the first 
time in the Cook Plant collections in October 1975 and has been taken with 
increasing regularity in the seasonal surveys since then. It occurred for the 
first times in 1005J of the station samples in October 1976 and in July and 
October 1977. It attained dominant or codominant status in five cases in 
October 1976 and 15 cases in July 1977. Its failure to achieve dominance in 
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October 1977 is consistent with an autumn silica depletion in the epilimnion. 
The record on this diatom indicates some change in the lake, not any effect of 
Cook Plant operation. 

The percentage compositions of the phytoplankton by five major algal 
groups (blue-greens, greens, flagellates, diatoms, and desmids-and-others) at 
four inshore stations in front of the plant and at two inshore reference 
stations distant from the plant have been compared from July 1970 through 
November 1977. In both preoperational and operational years the five community 
components have shown many similarities of temporal change in the two station 
groups; in the operational years the similarities have, if anything, been 
greater than during preoperation. Due to a change in counting technique in 
1974, blue-green algae showed an increase in that year which has continued 
since. No dissimilarities in community composition attributable to plant 
operation have been revealed by this method of analysis. 

The numbers of phytoplanktonic forms collected during the seasonal major 
surveys have shown generally increasing trends since 1971 in both inner 
stations near the plant and outer reference stations in all three depth zones. 
The trends toward increasing numbers of forms are attributable to the lake's 
eutrophication process, not to Cook Plant operation. 

Of the nine major algal categories (separately, not combined to five as 
was done for percentage composition of the community) and total algae, only 
filamentous blue-greens have shown increases limited to the operational years. 
In Zone the increases at the outer stations have equalled or exceeded those 
at the inner stations; in Zone 1 the summer increases have been greater at the 
outer stations; in Zone 2 summer increases have been greater at the inner 
stations in 1976 and 1977. Zone 2 being offshore, the summer increases there 
are attributed to summer silica depletion in the epilimnion of the offshore 
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waters, rather than to plant operation. 

Coccoid blue-greens showed notable fall increase in preoperational 1974 
(due at least in part to the counting change then) and this pattern has 
continued since in both inner and outer station groups. There is no clear 
evidence of any plant operation effect. 

The changes in mean abundances of the other catagories have been: 

Flagellates Increasing trend since 1970 

Pennate diatoms ^ " " " 

Centric diatoms 
Total algae 

Desmids 

Filamentous greens 
Other algae 
Coccoid greens 

The trends toward increasing abundances show in both station sets and 
all three depth zones and are attributable to the lake's eutrophication, 
rather than to effects of Cook Plant operation. 

T-tests of significance of difference between seasonal mean densities of 
nine algal categories and total algae at inner and outer stations in each of 
the three depth zones during the years 1970 through 1977 have been 
performed. Of 591 paired comparisons, significant differences between mean 
densities at inner and outer stations were found in only 36 cases; these 
amount to 6% of the comparisons . 

Summarizing by categories, with the numbers of significant differences 
in operational years underlined, gives: filamentous greens + il; coccoid 
blue-greens 0+1; desmids 2 -»• H; filamentous blue-greens + 4.; coccoid 
greens 2+2.; centric diatoms 2 + £; pennate diatoms 3 + JL; total algae 2 + 
£; other algae 5 + JL; and flagellates 4+3.. Only in the filamentous 
blue-greens were all the significant differences in the operational years; 
however, three of the four cases were in offshore Zone 2. There is no 
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convincing evidence of plant operation selectively affecting any of the algal 
categories. 

Summarizing by years (with operational years underlined) gives: 1970 
(2), 1971 (6), 1972 (5), 1973 (5), 1974 (2), 197^5 (i.) , 1Q76 (4), 1Q77 (i.) . 
The numbers of significant differences in operational years are within the 
range of natural variation established during the preoperational years. 
There is no evidence that plant operation has produced more significant 
differences. 

Summarized by depth zones, with the station group having the greatest 
density of algae indicated and with operational years underlined, the cases 
of significant differences become: 

Zone Zone 1 Zone 2 

Inner greater 1 + £ Inner greater + Z Inner greater 6 -f 1 1 

Outer greater 1 + £i Outer greater 7 + 4. Outer greater 4 + ij. 

Cases of significant differences were equally divided in Zone 0; in Zone 
1 where the plant plume is located most of the time 11 of the 13 cases were 
of greater abundances in the outer stations; in offshore Zone 2, 17 of the 21 
cases involved higher abundances at the inner stations. In this situation 
where the local currents move parallel to shore, an hypothesis that plant 
operation inhibits phytoplankton abundances in Zone 1 inner while stimulating 
them in Zone 2 inner is not supported by the abundance curves of Figure 8 and 
does not seem tenable. 

No convincing evidence of plant operation affecting local phytoplankton 
numbers has surfaced from these analyses. 

The Wilhm and Dorris diversity indices of Cook Plant phytoplankton 
collections taken during the seasonal surveys of 1970 through 1977 have shown 
an increasing trend since 1972. The increases have taken place in both inner 
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and outer station groups and in all three depth zones. The increasing 
diversities are attributed to the eutrophication of the lake; there is no 
evidence from this study that plant operation has adversely affected (lowered 
the diversity of) the phytoplankton community, instead the community has in 
the operational years continued to be more diverse than it was in the 
preoperational years. 

Values of phytoplankton redundancy for collections during the seasonal 
surveys of 1970 through 1977 have been calculated. Plots of mean 
redundancies against time show visual evidence of a trend, beginning in 1973, 
for redundancies to become somewhat lower. If real, the trend would indicate 
a tendency for the species in the community to become more equal in numbers 
of individuals. Rising redundancies (one or a few species dominating the 
community) would be an adverse effect. 

Parallelism between the curves for redundancies at inner and outer 
station groups has, since 1972, been much better than in 1970 and 1971. This 
indication that changes in redundancy in the two station groups are now more 
alike than in the earliest years is taken to mean some change in the lake, 
not any effect of Cook Plant operation. 
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